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state photon is real, the nal photon wave function is evaluated at Q
2
= 0.
For small dipole size d
T
, the photon wave function can be calculated per-
turbatively using the usual  i

QED vertex (see e.g [9]). The challenge is




, which encodes all the dynamics (per-
turbative and non-perturbative) of the dipole-proton interaction. Colour
transparency dictates 
d




! 0. On purely geometrical







hadron-like at large d
T
. We assume no avour and z dependence. As for the
energy dependence, dipole models fall into two main classes : either direct
dependence on W or via x. It is an ongoing issue whether saturation eects
should be incorporated in dipole models. One of the models presented here
does include saturation eects while the other does not.
The FKS (Forshaw, Kerley, Shaw) dipole cross-section [10] is a sum of

























































) are polynomials in d
T
. A distinctive feature of
the FKS model is that the authors modify the photon wave function at large
d
T
using a shifted Gaussian, f(d
T















All the free parameters in the FKS have been successfully tted to F
2
and




[11]. In its present form, the FKS model does not include saturation
eects. We use this tted dipole cross-section to make a no-free parameter
predictions for DVCS.
The MFGS (McDermott, Frankfurt, Guzey and Strikman) model [12]






), it is directly



































In an attempt to go beyond leading log, d
T














is matched onto the pion-proton cross-section. The dipole




. What is the
appropriate value for d
T;C
? At moderate x , d
T;C
= 0:246 fm, corresponding
y
A number of authors have proposed dierent models, see e.g [8] for an overview.
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to Q = Q
0
= 1:6 GeV. However, for suÆciently low x, the strong rise in
the gluon distribution makes the dipole cross-section for small d
T
exceed
that for large d
T
. To prevent this, d
T;C
is made to shift to increasingly
small values as x decreases. In this way, saturation eects are included. For
 = 4, this correction is not important for the HERA region but does become
important above it. For an exclusive process such as DVCS, it is necessary
to use the generalised (or skewed) gluon distribution in (3), which has
an additional dependence (as compared to the ordinary gluon distribution)
on the skewedness parameter Æ = x. For our calculation, we adapted the
(leading order) skewed evolution package of Freund and Guzey [14], with
CTEQ4L gluon distributions as input.
To see the relative contribution of dierent dipole sizes to the amplitude,
we integrate out the angular and z dependence in Eq. 1. The results are
shown in Fig 1. The FKS model has a larger contribution from large dipoles












Q2 = 1.0 GeV2












Q2 = 10.0 GeV2
Fig. 1. Proles in transverse dipole size for dierent Q
2
values and W = 75 GeV,
FKS (solid line) and MFGS (dashed line).
than the MFGS model although the forward amplitudes obtained by inte-
grating over d
T
are similar. We assume the usual exponential t dependence




parameter B to calculate the photon-level total cross-section, (

p! p).
The theoretical predictions, which include the small contribution of the real
part of the amplitude, are compared to H1 data points in Fig 2. We re-
construct the real amplitude using analyticity. The FKS amplitude being a
sum of two Regge terms, the real part is easily computed using the signature
factors. As for the MFGS amplitude, we have to do a two power t to the
imaginary amplitude rst. The FKS real amplitude shows a steeper energy
dependence at very high energies as can be clearly seen in Fig 3.
As mentioned in the introduction, we can isolate the real and imaginary
parts of the DVCS amplitude via various azimuthal angle asymmetries,
z
This is the value used by H1 in their analysis.

























) dependence and Q
2
-dependence (at W =





























) of the real and imaginary parts
of the DVCS amplitude, FKS (solid line) and MFGS (dashed line).  is the real
to imaginary parts ratio. Dotted line for FKS model, at Q
2
= 0.
dened and discussed in [1]. I simply highlight here that in the special frame
of reference [1, 7] chosen for our calculation, the pure BH cross-section has
a residual  dependence. It is necessary to subtract o the BH contribution
in dening the azimuthal angle asymmetry (AAA) (see eqn. 37 of [1]) so
that AAA becomes directly proportional to the real DVCS amplitude in the
joint limit of low x and high Q
2
. In this limit, the charge asymmetry (eqn.
(39) in [1]) is also directly proportional to the real DVCS amplitude, while
the single spin asymmetry (SSA)(eqn. (38) in [1]) is propotional to the




We have used two dierent dipole models to make predictions for DVCS.
There is good agreement with H1 data for both models, even beyond the
HERA region, despite only one of them including saturation eects. A more
pronounced dierence is found for the real amplitude, at very high energies.
x
M. McDermott adapted a code from [4] to produce Fig 4.





















































Fig. 4. Asymmetries for xed x = 10
 4
at two values of Q = 2; 3 GeV
2
, accessible
in the HERA kinematic range.
Experimental measurements of these asymmetries will allow us to test our
predictions.
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